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(54) [TITLE OF THE INVENTION] LIQUID CRYSTAL DISPLAY 

DEVICE 

(57)[ABSTRACT] 

[OBJECT] In an active matrix liquid crystal display device of the 
horizontal electric field system, to realize a high quality image 
display with excellent contrast and an excellent visual angular 
characteristic by suppressing a color shift and preventing 
orientation trouble caused by an electric field disorder. 
[COMPOSITION] An active matrix display device, in which display 
pixels composed of scanning signal lines, image signal lines, pixel 
electrodes, and active elements are formed on a substrate; a liquid 
crystal orientation film is formed on the substrate directly or via an 
insulator film; the substrate is disposed to face a color filter 
substrate on which a liquid crystal orientation film is formed; a 
liquid crystal layer is disposed between these substrates; each of 
the electrodes and the active elements are structured so that an 
electric field substantially parallel to the substrates can be applied 
on the liquid crystal layer and also connected to an external control 




means which can arbitrarily control the electric field to be applied 
in accordance with the display pattern; and optical characteristics 
can be changed by the orientation conditions of the liquid crystal 
layer, is characterized in that the shape of the horizontal electric 
field generated by the liquid crystal drive electrode and the 
common electrode composing the pixel electrode becomes the 
distribution making the center of the pixel the line symmetry axis. 
[CLAIMS] 

[CLAIM ll A liquid crystal display device comprising: an active 
matrix substrate including scanning signal wirings, image signal 
wirings, thin film transistors formed at intersections between the 
scanning signal wirings and the image signal wirings, liquid 
crystal drive electrode connected to the thin film transistors, and a 
common electrode at least a part of which faces the liquid crystal 
drive electrode,* a counter substrate facing the active matrix 
substrate, and a liquid crystal layer disposed between the active 
matrix substrate and the counter substrate, wherein the liquid 
crystal drive electrode and the common electrode facing the liquid 
crystal drive electrode are bent to the alignment direction of liquid 
crystal molecules; respective electrodes are projected in the 
projection part direction of a bend in a bend part of a pixel central 
part; respective electrodes are bent in the recessed part direction of 
the bend at the pixel edge part; and the electric field distribution 
generated by the liquid crystal drive electrode and the common 
electrode opposed to the liquid crystal drive electrode becomes the 
distribution making the center of the pixel the line symmetry axis. 
[CLAIM 2] A liquid crystal display device comprising* an active 
matrix substrate including scanning signal wirings, image signal 
wirings, thin film transistors formed at intersections between the 
scanning signal wirings and the image signal wirings, a liquid 
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crystal drive electrode connected to the thin film transistors, and a 
common electrode at least a part of which faces the liquid crystal 
drive electrode; a counter substrate facing the active matrix 
substrate, and a liquid crystal layer disposed between the active 
matrix substrate and the counter substrate, wherein the liquid 
crystal drive electrode and the common electrode facing the liquid 
crystal drive electrode are bent to the alignment direction of liquid 
crystal molecules in a pixel cycle; edge part electrodes in the 
respective pixels are bend to the projection direction of a bend; and 
the electric field distribution generated by the liquid crystal drive 
electrode and the common electrode opposed to the liquid crystal 
electrode becomes the distribution making either the scanning 
signal wirings or the image signal wirings the line symmetry axis. 
[CLAIM 3] The liquid crystal display device of claim 1 and claim 2, 
wherein the liquid crystal layer disposed between the active matrix 
substrate and the counter substrate does not contain a chiral 
dopant material. 

[CLAIM 4] The liquid crystal display device of claim 1 and claim 2, 
wherein the scanning signal wirings and the common electrode 
sandwich a part of the liquid crystal drive electrode via an 
insulator film. 

[CLAIM 5] A liquid crystal display device comprising- an active 
matrix substrate including scanning signal wirings, image signal 
wirings, thin film transistors formed at intersections between the 
scanning signal wirings and the image signal wirings, a liquid 
crystal drive electrode connected to the thin film transistors, and a 
common electrode at least a part of which faces the liquid crystal 
drive electrode; a counter substrate facing the active matrix 
substrate, and a liquid crystal layer disposed between the active 
matrix substrate and the counter substrate, wherein the common 
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electrode and the liquid crystal drive electrode are separated from 
each other by two- or more-layer insulator films. 
[CLAIM 6] A liquid crystal display device comprising^ an active 
matrix substrate including scanning signal wirings, image signal 
wirings, thin film transistors formed at intersections between the 
scanning signal wirings and the image signal wirings, a liquid 
crystal drive electrode connected to the thin film transistors, and a 
common electrode at least a part of which faces the liquid crystal 
drive electrode; a counter substrate facing the active matrix 
substrate, and a liquid crystal layer disposed between the active 
matrix substrate and the counter substrate, wherein the common 
electrode is disposed to be bent in two lines so as to cross the 
scanning signal wirings. 

[CLAIM 7] The liquid crystal display device of claim 6, wherein the 
common electrode disposed to be bent in two lines so as to cross the 
scanning signal wirings is divided into an odd-numbered group and 
an even-numbered group which are respectively connected to 
connection electrodes for driving odd-numbered common electrodes 
and connection electrodes for driving even-numbered common 
electrodes. 

[CLAIM 8] The liquid crystal display device of claim 7, wherein the 
common electrode is divided into the odd-numbered group and the 
even-numbered group which are respectively connected to the 
connection electrodes for driving the odd-numbered common 
electrodes and the connection electrodes for driving the 
even-numbered common electrodes; these two electrode groups are 
supplied with opposite-phase signal electrodes in a cycle of driving 
scanning signals; and liquid crystal drive electrodes facing the 
odd-numbered group common electrodes and the even-numbered 
group common electrodes are respectively supplied with image 



signal voltage waveforms whose phases are opposite to those of the 
common electrodes. 

[CLAIM 9] The liquid crystal display device of claim 6, wherein the 
common electrode disposed to be bent in two lines so as to cross the 
scanning signal wirings is separated from each other. 
[CLAIM 10] The liquid crystal display device of claim 9, wherein 
the common electrode disposed to be bent in two lines so as to cross 
the scanning signal wirings is separated from each other; the 
separated independent common electrodes are supplied with signal 
voltages in a cycle twice as long as a field cycle so as to change the 
polarities of the supplied voltages every field cycle; and the liquid 
crystal drive electrodes facing the bent common electrodes are 
supplied with image signal voltage waveforms whose phases are 
opposite to those of the common electrodes, respectively. 
[CLAIM 11] A liquid crystal display device comprising*, an active 
matrix substrate including scanning signal wirings, image signal 
wirings, thin film transistors formed at intersections between the 
scanning signal wirings and the image signal wirings, a liquid 
crystal drive electrode connected to the thin film transistors, and a 
common electrode at least a part of which faces the liquid crystal 
drive electrode; a counter substrate facing the active matrix 
substrate, and a liquid crystal layer disposed between the active 
matrix substrate and the counter substrate, wherein the thin film 
transistors are alternately connected to the liquid crystal drive 
electrode across two consecutive lines before and after one scanning 
signal wiring, and the common electrode facing the liquid crystal 
drive electrode is separated from one line to another. 
[CLAIM 12] The liquid crystal display device of claim 11, wherein 
the common electrode separated from one line to another are 
supplied with signal voltages at a cycle twice as long as the field 
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cycle so as to change the polarities of the supplied voltages every 
field cycle; and liquid crystal drive electrodes facing the common 
electrodes are supplied with image signal voltage waveforms whose 
phases are opposite to those of the common electrodes, respectively. 
[CLAIM 13] The liquid crystal display device of claim 9 or claim 11, 
wherein the three kinds of electrodes^ the scanning signal wirings, 
the image signal wirings, and the common electrodes are connected 
to anti-static connection electrodes in outer regions by anti-static 
nonlinear elements. 

[CLAIM 14] A liquid crystal display device comprising an active 
matrix substrate on which thin film transistor are formed, a 
counter substrate facing the active matrix substrate, and being 
disposed between the active matrix substrate and the counter 
substrate, wherein scanning signal wirings are composed of two 
layers of aluminum and a high melting point metal, and the high 
melting point metal is applied on the aluminum and an aluminum 
oxide is formed on or around side walls where the high melting 
point metal is not applied and the aluminum is exposed. 
[CLAIM 15] A liquid crystal display device comprising* an active 
matrix substrate including scanning signal wirings, image signal 
wirings, thin film transistors formed at intersections between the 
scanning signal wirings and the image signal wirings, a liquid 
crystal drive electrode connected to the thin film transistors, and a 
common electrode at least a part of which faces the liquid crystal 
drive electrode; a counter substrate facing the active matrix 
substrate, and a liquid crystal layer disposed between the active 
matrix substrate and the counter substrate, wherein a passivation 
film such as a silicon nitride film, a silicon oxide nitride film, or an 
aluminum oxide film is formed on a color filter layer on the counter 
substrate, and then an overcoat layer for leveling is formed on the 
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passivation film. 

[CLAIM 16] The liquid crystal display device of claim 15, wherein a 
conductive electrode shaped like a mesh or a stripe is formed on the 
overcoat layer on the passivation film, and this potential is set at 
around an intermediate value of TFT substrate-side image signal 
voltages. 

[CLAIM 17] The liquid crystal display device of claim 15, wherein 
the conductive electrode formed shaped like a mesh or a stripe on 
the overcoat layer has a pattern width smaller than the underlying 
BM (black mask). 

[CLAIM 18] The liquid crystal display device of claim 1 or claim 2, 
wherein the distance between the liquid crystal drive electrode and 
the common electrode within one pixel is not uniformed but is a 
combination of two different lengths, 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICABILITY] The present invention relates to 
a large-screen active matrix liquid crystal display device with an 
excellent visual angular characteristic and high quality images. 
[0002] 

[PRIOR ART] A system of supplying an electric field to a liquid 
crystal composition layer by using a pair of arch-shaped electrodes 
on one of the substrates of a prior art active matrix liquid crystal 
display device are suggested in Japanese Laid-Open Patent 
Publication Nos. 7-36058, 7-159786, 6 160878, 7-191336, etc. The 
display system in which the direction for the electric field to be 
supplied to the liquid crystal composition layer is nearly parallel to 
the substrate interface is referred to as the horizontal electric field 
system. Figures 1 and 3 are examples of the prior art horizontal 
electric field system. A liquid crystal drive electrode ® and a 
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common electrode ® which are arch-shaped pixel electrodes are 
linear and disposed in parallel. The liquid crystal drive electrode 
and the common electrode in the center of and around a pixel are so 
shaped that the electric field distribution in a pixel electrode 
makes the center of the pixel a rotation symmetry axis. The 
rotation movement direction of liquid crystal molecules is one way 
within one pixel as shown in Figures 2 and 4. 
[0003] 

[PROBLEMS THE INVENTION IS GOING TO SOLVE] In a liquid 
crystal panel of the horizontal electric field system in which the 
pixel electrode is linear and the rotation movement direction of the 
liquid crystal molecules is one way, there is the problem of a color 
shift which makes color tones different between left and right when 
viewed from the horizontal direction. In addition, when the 
pre-tilt angle of the liquid crystal is 3 degrees or larger, the visual 
angular characteristic deteriorates, which causes a gradation 
inversion of the half tone region, thereby providing an extremely 
unnatural image display. 

[0004] A liquid crystal panel of the horizontal electric field system 
with a bent pixel electrode has been suggested; however, the bent 
part and the electric field disorder around a pixel cause a lot of 
disclination defects, greatly deteriorating the black level, thereby 
decreasing contrast and causing a screen unevenness. 
[0005] On the active matrix substrate side of the horizontal electric 
field system, if the insulator film has a defect such as a pin hole, 
the common electrode and the liquid crystal drive electrode which 
have a large intersection area may cause a short, resulting in a 
pixel defect. In order to reduce the process cost, scanning signal 
wirings and the common electrode are formed at the same time. In 
this process, when there is a pattern failure because there are 
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many regions where the scanning signal wirings and the common 
electrode are close to each other, it is impossible to avoid shorts 
between the scanning signal wirings and the common electrode, 
which makes the yield very low. 

[0006] In a liquid crystal display device of the horizontal electric 
field system, the liquid crystal drive voltage tends to be higher 
than in the prior art TN liquid crystal display device of the vertical 
electric field system. This causes the problem that a driver IC 
with a high voltage output is demanded, leading to a high cost. 
[0007] In a liquid crystal display device of the horizontal electric 
field system, the electric field between the liquid crystal drive 
electrode and the common electrode goes as far into as the glass 
substrate and the color filter layer on the color filter side, so the 
movable ionic substances contained in the glass substrate and the 
color filter layer pass through the overcoat layer and elute in the 
orientation film or in the liquid crystal. These movable ionic 
substances cause afterimages or a disorder in a pre-tilt angle, 
thereby suffering from unevenness, remarkably deteriorating the 
image quality. 

[0008J The color filter substrate of the horizontal electric field 
system, which does not have a transparent conductive film on the 
entire surface unlike the prior art TN liquid crystal display device 
of the vertical electric field system, is vulnerable to the influence of 
static electricity, and suffering from orientation failure when 
charged up. 

[0009] The present invention solves these problems, and its object 
is to provide a liquid crystal display device without gradation 
inversion and a color shift with excellent visual angular 
characteristic and excellent contrast. Another object is to reduce 
the cost by using a driving IC with a low voltage and improving the 
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yield in the liquid crystal process. 
[0010] 

[MEANS TO SOLVE THE PROBLEMS! In order to solve these 
problems and to achieve the above objects, the present invention 
uses the following means. In a liquid crystal display device 
comprising* an active matrix substrate including scanning signal 
wirings, image signal wirings, thin film transistors formed at 
intersections between the scanning signal wirings and the image 
signal wirings, liquid crystal drive electrode connected to the thin 
film transistors, and a common electrode at least a part of which 
faces the liquid crystal drive electrode! a counter substrate facing 
the active matrix substrate, and a liquid crystal layer disposed 
between the active matrix substrate and the counter substrate, 
[means l] The liquid crystal drive electrode and the common 
electrode facing the liquid crystal drive electrode are bent to the 
alignment direction of liquid crystal molecules; respective 
electrodes are projected in the projection part direction of a bend in 
a bend part of a pixel central part; respective electrodes are bent in 
the recessed part direction of the bend at the pixel edge part; and 
the electric field distribution generated by the liquid crystal drive 
electrode and the common electrode opposed to the liquid crystal 
drive electrode becomes the distribution making the center of the 
pixel the line symmetry axis. 

[001l][means 2] The liquid crystal drive electrode and the common 
electrode facing the liquid crystal drive electrode are bent to the 
alignment direction of liquid crystal molecules in a pixel cycle; edge 
part electrodes in the respective pixels are bend to the projection 
direction of a bend;, and the electric field distribution generated by 
the liquid crystal drive electrode and the common electrode opposed 
to the liquid crystal electrode becomes the distribution making 
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either the scanning signal wirings or the image signal wirings the 
line symmetry axis. 

[0012][means 3] The liquid crystal does not contain a chiral dopant 
material so as to make the liquid crystal molecules rotate with the 
same rotation force in both left rotation and right rotation. 
[0013] [means 4] In means 1 and means 2, the scanning signal 
wirings and the common electrode sandwich a part of the liquid 
crystal drive electrode via an insulator film. 

[0014] [means 5] In a liquid crystal display device of the horizontal 
electric field system, the common electrode and the liquid crystal 
drive electrode are separated from each other by two- or more-layer 
insulator films. 

[0015] [means 6] In a liquid crystal display device of the horizontal 
electric field system, the common electrode is disposed to be bent in 
two lines so as to cross the scanning signal wirings. 
[0016] [means 7] In means 6, the common electrode disposed to be 
betnt in two lines so as to cross the scanning signal wirings is 
divided into an odd-numbered group and an even-numbered group, 
and these are respectively connected to connection electrodes for 
driving odd-numbered common electrodes and connection 
electrodes for driving even-numbered common electrodes. 
[0017] [means 8] In means 7, the common electrode is divided into 
the odd-numbered group and the even-numbered group which are 
respectively connected to the connection electrodes for driving the 
odd-numbered common electrodes and the connection electrodes for 
driving the even-numbered common electrodes^ these two electrode 
groups are supplied with opposite-phase signal electrodes in a cycle 
of driving scanning signals; and liquid crystal drive electrodes 
facing the odd numbered group common electrodes and the 
even-numbered group common electrodes are respectively supplied 
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with image signal voltage waveforms whose phases are opposite to 
those of the common electrodes. 

[0018] [means 9] In means 6, the common electrode disposed to be 
bent in two lines so as to cross the scanning signal wirings is 
separated from each other. 

[0019] [means 10] In means 9, the common electrode disposed to be 
bent in two lines so as to cross the scanning signal wirings is 
separated from each other; the separated independent common 
electrodes are supplied with signal voltages at a frequency of an 
integral multiple of 1/2 of a field frequency so as to change the 
polarities of the supplied voltages every field cycle; and the liquid 
crystal drive electrodes facing the bent common electrodes are 
supplied with image signal voltage waveforms whose phases are 
opposite to those of the common electrodes, respectively, 
[0020] [means 11] In a liquid crystal display device of the 
horizontal electric field system, the thin film transistors are 
alternately connected to the liquid crystal drive electrode across 
two consecutive lines before and after one scanning signal wiring, 
and the common electrode facing the liquid crystal drive electrode 
is separated from one line to another. 

[0021] [means 12] In means 11, the common electrode separated 
from one line to another are supplied with signal voltages at a 
frequency of an integral multiple of 1/2 of a field frequency so as to 
change the polarities of the supplied voltages every field cycle; and 
liquid crystal drive electrodes facing the common electrodes are 
supplied with image signal voltage waveforms whose phases are 
opposite to those of the common electrodes, respectively. 
[0022] [means 13] In means 9 or means 11, the three kinds of 
electrodes- the scanning signal wirings, the image signal wirings, 
and the common electrodes are connected to anti-static connection 
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electrodes in the outer regions by anti-static nonlinear elements. 
[0023] [means 14] In an active matrix substrate liquid crystal 
display device, scanning signal wirings are composed of two layers 
of aluminum and a high melting point metal, and the high melting 
point metal is applied on the aluminum and an aluminum oxide is 
formed on or around side walls where the high melting point metal 
is not applied and the aluminum is exposed. 

[0024] [means 15] In a liquid crystal display device of the 
horizontal electric field system, a counter substrate has a structure 
in which a passivation film such as a silicon nitride film, a silicon 
oxide-nitride film, or an aluminum oxide film is formed on a color 
filter layer on the counter substrate, and then an overcoat layer for 
leveling is formed on the passivation film. 

[0025] [means 16] In means 15, a conductive electrode shaped like a 
mesh or a stripe is formed on the overcoat layer on the passivation 
film, and this potential is set at around an intermediate value of 
TFT substrate-side image signal voltages. 

[0026] [means 17] In means 15, the conductive electrode formed 
shaped like a mesh or a stripe on the overcoat layer has a pattern 
width smaller than the underlying BM (black mask). 
[0027] [means 18] In means 1 or means 2, the distance between the 
liquid crystal drive electrode and the common electrode within one 
pixel is designed not to be uniformed but to be a combination of at 
least two different lengths. 
[0028] 

[ACTION] By means 1 and 3, when a horizontal electric field is 
applied in a pixel electrode (the liquid crystal drive electrode and a 
part of the common electrode) as shown in Figures 31 and 32, the 
liquid crystal molecules are rotation moved in two ways of left 
rotation and right rotation in the pixel electrode inside. As shown 
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in Figures 2 and 4, in the prior art horizontal electric field system, 
the rotation movement is in one way only, which causes a color shift 
to change color tones depending on the direction to be viewed. 
Moreover, when the pre-tilt angle of the liquid crystal is large, 
there is an imbalance in the visual angular characteristic, and 
gradation inversion of the half tone region becomes likely to occur. 
These problems can be solved when it becomes possible that 
rotation movement is done in two ways of left rotation and right 
rotation inside one pixel. However, unless the rotation force is 
equal between the left rotation and the right rotation, the 
movement of the liquid crystal is disordered at the bend part of the 
center of the pixel electrode, thereby causing a large disclination 
defect. A disclination defect also occurs due to an abnormality of 
the rotation of the liquid crystal at the vicinity region of a pixel 
where the electric field is disordered. These orientation defects of 
the liquid crystal are slow in response, and once they occur, they 
are left there. They can be sometimes seen as afterimages. A 
disclination defect part leaks light in a black display, thereby 
remarkably decreasing the contrast. The use of means 1 and 3 can 
adjust the electric field disorder in the center of and around a pixel 
to the direction for the liquid crystal to rotation. Consequently, 
the occurrence of disclination defects can be prevented completely, 
thereby preventing a decrease in contrast. Afterimages due to 
disclination defects can be completely prevented. 
[0029] The use of means 2 and 3 enables the liquid crystal 
molecules to be rotation moved in two ways of left rotation and 
right rotation as the entire screen even when the liquid crystal 
molecules are rotation moved in one direction in one pixel. This 
effect can solve the problem of a color shift, the problem of 
gradation inversion in a halt tone region, and the problem of an 
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imbalance in visual angular characteristic. Adjusting the 
disorder of liquid crystal around the pixel to the direction for the 
liquid crystal to rotate can prevent the occurrence of disclination 
defects. As a result, a decrease in contrast and the occurrence of 
afterimages can be avoided completely. 

[00301 The use of means 1, 2, and 4 can increase the retention 
capacity of the liquid crystal drive electrode, which can solve the 
problem of a decrease in retention capacity even when the 
intersection area of the common electrode and the liquid crystal 
drive electrode around the pixel is reduced. As a result, the 
open area ratio of the pixel can be increased, thereby improving 
efficiency in using light. 

[00311 The use of means 5 can greatly reduce the occurrence of 
shorts at the intersection of the common electrode and the liquid 
crystal drive electrode, and remarkably improve the yield. The 
inter-level separation with a single-layered insulator film cannot 
completely eliminate the occurrence of defects due to dust. The 
use of inter-level separation with two-layered insulator films has a 
small chance of overlapping different defects each other. 
Furthermore, the thickened insulator film increases the breakdown 
voltage at a stepped portion of the electrode, and greatly reduces 
the occurrence of shorts due to static electricity. The intersections 
of the common electrode and the liquid crystal drive electrode can 
be designed freely, so the electric field distribution can be shaped 
so as not to cause the disclination of the liquid crystal. This can 
prevent the light leakage in the black level, offering images with 
high contrast. 

[0032] The use of means 6, 7, and 8 enables the liquid crystal 
display device of the horizontal electric field system to reduce the 
image signal voltage of the dot inversion drive system to less than 



15 



half. The use of the image signal driving IC driven of 5 V can 
lower the IC cost. The image signal driving voltage can be reduced 
to less than half of the conventional level so as to largely reduce the 
IC power consumption. In addition, the amplitude of the image 
signal voltage is reduced to half of the prior art level, so the driving 
performance of the thin film transistors hardly differs between the 
even-numbered fields and the odd-numbered fields. This makes 
the liquid crystal less affected by DC bias, causing fewer 
afterimages. The dot inversion driving provides no horizontal 
crosstalk, no vertical crosstalk, or no flicker. 

[0033] The use of means 6, 9, and 10 provide the same effects as the 
use of means 6, 7, and 8. The common electrode is divided 
separately, and different driving voltage waveforms are applied 
thereon so as to greatly increase the free degree of the timing to 
change the voltage waveforms in respect to the scainning signal 
voltage waveforms. Consequently, there is no problem about 
driving timing even when the resistance value of the common 
electrode is raised to the level 10 times higher. The common 
electrode can be made from materials of a wider range, and also can 
be much thinner. The level difference in the common electrode is 
reduced, so the insulator film covering the stepped portion is not 
damaged, thereby lessening the occurrence of shorts. 
[0034] The use of means 11 and 12 provides the same effects as the 
use of means 6, 9, and 10. In this case, since the common electrode 
does not cross the scanning signal wirings, the scanning signal 
wirings have a smaller capacity and can raise the resistance value 
a little. The absence of crossing prevents the occurrence of shorts 
between the common electrode and the scanning signal wirings so 
as to improve the yield. 

[0035] The use of means 9, 11, and 13 can accelerate the charging 



16 



time due to static electricity even when the common electrode is 
divided separately. This causes breakdown less, and there are 
fewer dusts adhering during the process, thereby greatly improving 
the yield. 

[00361 The use of means 14 can prevent the occurrence of side locks 
even if aluminum which is inexpensive and has a low resistance 
value is used for the scanning signal wirings, thereby improving 
the yield, 

[00371 The use of means 15, 16, and 17 can prevent the movable 
ionic substances such as sodium contained in the glass substrate 
from passing through the overcoat layer and eluding into the liquid 
crystal, thereby suppressing the occurrence of afterimages. Since 
a decrease in the relative resistance value of the liquid crystal can 
be prevented, a highly reliable liquid crystal panel with a high 
electric charge retention ratio can be formed. The successful 
prevention of unevenness and a decrease in contrast realizes an 
excellent uniform half tone display. Electrostatic built-up can be 
prevented, and fewer dusts occur. 

[0038] The use of means 1, 2, and 18 can prevent gradation 
inversion even when the alignment of the photo-mask is slightly 
shifted, thereby providing excellent images without imbalance in 
visual angular characteristic and with few color shifts. 
[0039] 

[EMBODIMENTS] 

[EMBODIMENT ll Figures 5, 6, 7, 8, 9, 10, 11, and 12 are plan 
views and cross sectional views of the unit pixel of the present 
invention. The cross sectional view of Figures 5, 6, and 9 is shown 
in Figure 11, and the cross sectional view of Figures 7, 8, and 10 is 
shown in Figure 12. The scanning signal wirings can be made 
from a metal such as Al capable of being subjected to an anode 
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oxidation treatment. Other than this, it can be a pure metal of Cr, 
Mo, Ti. W. Ta, or Nb, or an alloy of them. In an ultra-large display 
device, Cu or Al having a low electric resistance value is used as the 
main material, and a two layer or three-layer structure with the 
above-mentioned high melting point metal or an alloy thereof can 
be used. In the case of Figures 5, 6, and 9, the scanning signal 
wirings ® and the common electrode d) can be formed in the 
same layer at the same time; however, a lot of shorts occur between 
the scanning signal wirings 0) and the common electrode ® due 
to a pattern failure. Therefore, the scanning signal wirings ® 
and the common electrode ® are formed in different layers as 
shown in Figures 11 and 12. As a result, a pattern failure does not 
lead to a short, making it possible to greatly improve the yield. In 
the case of Figures 7. 8, and 10, the image signal wirings (D and 
the common electrode ® are formed in different layers in the same 
manner to avoid the occurrence of shorts due to a pattern failure, 
thereby greatly improving the yield. On the scanning signal 
wirings 0. a gate insulator film A45T is formed and then an 
amorphous siHcon film layer A 12 ▼ is formed as an active layer for 
the transistors. A poly silicon film layer can be used instead of 
the amorphous silicon film. Or a complex lamination layer film of 
a poly-silicon film and an amorphous silicon film can be used. On 
the active layer, an n+ amorphous silicon layer doped with 
phosphorus or other impurities is formed. Then, image signal 
wirings and a drain electrode are formed in such a manner as to 
overlap with a part of the active layer. In the case of Figures 5, 6, 
7. 8, 9, and 10, the drain electrode and the liquid crystal drive 
electrode ® are made from the same metallic material at the same 
time. As shown in Figure 34, it is possible that after the formation 
of the drain electrode, a passivation film is formed and then a drain 
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through hole is formed to electrically connect the drain electrode 
and the liquid crystal drive electrode. After the formation of the 
passivation film, in Figure 11, an orientation film A 14T made from 
polyimide is formed, and a rubbing treatment is applied on the 
surface. A liquid crystal composition containing bar-shaped liquid 
crystal molecules (f) and A 10 T are sealed between a counter 
substrate A47T having an orientation film A43T subjected to a 
rubbing treatment thereon and the active matrix substrate, and 
polarizing plates are disposed on the outer surfaces of the two 
substrates so as to complete a liquid crystal cell of the horizontal 
electric field direction. 

[0040] The fundamental conceptual views of the present invention 
are shown in Figures 31 and 32. Figure 31 shows the arrangement 
of the liquid crystal drive electrode ® and the common electrode 
® when a positive dielectric anisotropy liquid crystal (D is used, 
and also shows the relationship between these electrodes and the 
rubbing orientation axis direction ®. As shown in Figures 1 and 
3, in the prior art arrangement, electrodes are shaped to make the 
center of the pixel the rotation symmetry axis; however, in the 
present invention, the electrodes are shaped to make the central 
axis of the pixel the line symmetry axis. Respective electrodes are 
projected in the projection part direction of a bend in a bend part of 
the pixel central part, and respective electrodes are bent in the 
recessed part direction of the bend in the outer regions of the pixel. 
The number of bending within a pixel can be one as shown in 
Figures 31 and 32, or can be more than one. The method for 
orientation is not limited to rubbing; it is possible to use an 
orientation method with an UV orientation film. In the present 
invention, since the liquid crystal molecules are rotation moved in 
two ways of left rotation and right rotation in a pixel, no color shift 
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occurs in principle. For this reason, in the prior art liquid crystal 
panel of the horizontal electric field system with one way rotation, 
the use of liquid crystal having a small refractive anisotropy An is 
essential to reduce color shift. The use of the electrodes of the 
present invention realizes the setting of the value of An as desired. 
Since An can be increased, the drive voltage can be decreased. The 
orientation film can be selected without the control of the pre-tilt 
angle. 

[0041] [EMBODIMENT 2] Figures 33 and 34 are plan views of a 
unit pixel in the case where the liquid crystal drive electrode and 
the common electrode are bent to an alignment direction of liquid 
crystal molecules at a pixel cycle, and edge part electrodes in the 
respective pixels are bend to the projection direction of a bend; and 
the electric field distribution generated by the liquid crystal drive 
electrode and the common electrode opposed to the liquid crystal 
electrode becomes the distribution making either the scanning 
signal wirings or the image signal wirings the line symmetry axis. 
A pair of two adjacent pixels provides the same function as the unit 
pixel of Embodiment 1. Although the electrode structure of 
Embodiment 1 is necessary as the display for computer, the 
electrode structure of Figures 33 and 34 is sufficient in displaying 
motion pictures like TV images. Figures 33 and 34 show the 
structure in which the common electrode is arranged not to cross 
but to be parallel to the scanning signal wirings. This is the same 
as the arrangement shown in Figures 5, 6, and 9 in Embodiment 1. 
It is also possible to have a structure in which the common 
electrode does not cross but be parallel with the image signal 
wiring as shown in Figures 7, 8, and 10. Unlike in Figures 5 and 6, 
the liquid crystal drive electrode and the common electrode in one 
pixel of Figure 33 are not bent within one pixel, which can increase 
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the transmittance of light. 

[0042] [EMBODIMENT 3] As described in Embodiment 1 and 
Embodiment 2, in a liquid crystal display panel of the horizontal 
electric field system, when the liquid crystal molecules are rotation 
moved in two ways of left rotation and right rotation at the same 
time, the liquid crystal preferably does not contain a chiral dopant 
material. If there is a difference in rotation driving force between 
the left rotation and the right rotation, in the structure with 
disclination caused in a bend part of the electrodes as shown in 
Figures 5 and 7, the disclination grows in the region of the 
direction with a weak rotation force, thereby greatly deteriorating 
image quality. An expansion in disclination region results in a 
decrease in contrast and the occurrence of afterimages. Designing 
the liquid crystal drive electrode to overlap with the common 
electrode even in a small area at a bend part as shown in Figures 6 
and 8 can prevent the occurrence of disclination. 
[0043] [EMBODIMENT 4] Figures 7, 8, 10, 36, and 12 are plan 
views and a cross sectional view of the structure in which the 
scanning signal wirings and the common electrode sandwich a part 
of the liquid crystal drive electrode via an insulator film. This 
structure can increase the retention capacity of the liquid crystal 
drive electrode, so the overlapped area between the common 
electrode and the liquid crystal drive electrode within an effective 
pixel can be reduced. Consequently, the open area ratio of the 
pixel can be expanded. In the case shown in Figure 36, the image 
signal wirings and the common electrode cross each other via a 
passivation film A46V, so the passivation film A46T must be 
about 1.5 to 2 times as thick as the one used in the structure shown 
in Figures 7, 8, and 10. A passivation film of around 4000 to 6000 
A is formed at two different times with the use of a plasma CVD 
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device, so as to reduce the occurrence of shorts due to a pin hole. 
[0044] [EMBODIMENT 5] Figures 5, 6, 9, and 11 are plan views and 
a cross sectional view showing the structure in which the common 
electrode and the liquid crystal drive electrode are separated from 
each other by two- or more- layered insulator films. The common 
electrode ® is formed first on the glass substrate A 11 and then 
an underlying insulator film A44T is deposited with the use of a 
plasma CVD device. After scanning signal wirings ® are formed 
and a gate insulator film A45T is deposited, a semiconductor layer 
A 12 T and an n+ amorphous silicon layer doped with impurities are 
formed consecutively. The liquid crystal drive electrode ® and 
the image signal wirings d) are made from the same metallic 
material at the same time. On these, a passivation film A46T is 
deposited, and a liquid crystal orientation film A14T is formed by 
flexography. As apparent from the cross sectional view of Figure 
11, the common electrode (S) and the liquid crystal drive electrode 
®are separated from each other by two-layered insulator films. 
This structure could be applied to Figures 1 and 3 which are the 
plan views of the prior art electrode structure. In the prior art, 
since the scanning signal wirings ® and the common electrode ® 
are formed in the same layer at the same time, the occurrence of a 
pattern failure due to dust or foreign matters is highly likely to 
cause a short between the scanning signal wirings and the common 
electrode, thereby deteriorating the yield. Furthermore, the 
common electrode d) and the liquid crystal drive electrode ® are 
separated from each other only by the gate insulator film A45T, 
the presence of a pinhole may cause a short, making this pixel a 
point failure. In the present invention, the separation by the 
two-layered insulator films can reduce the occurrence of shorts 
between the common electrode ® and the liquid crystal drive 
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electrode (3), and also between the scanning signal wirings ® and 
the common electrode ® so as to realize a great improvement in 
yield. 

[0045][EMBODIMENT 6] Figures 13 and 15 show the plan views of 
the structure in which the common electrode is disposed to be bent 
in two lines so as to cross the scanning signal wirings. Although it 
crosses in each pixel, it can cross in the unit of two or more pixels. 
An ideal dot inversion drive system can be employed with the 
arrangement shown in Figures 13 and 15. Figures 19 and 20 show 
drive voltage waveforms in which the common electrode is divided 
into an odd-numbered group and an even-numbered group and 
supplied with opposite-phase voltage signal waveforms, 
respectively, in accordance with the cycle of the scanning signals, 
and the liquid crystal drive electrodes facing the common 
electrodes of the odd-numbered group and the even-numbered 
group are supplied with image signal waveforms whose phases are 
opposite to those of the common electrodes. This drive system 
eliminates horizontal cross talks and obtains excellent images. 
Supplying the common electrode with a voltage whose phase is 
opposite to the image signal waveform can apply a large voltage to 
the liquid crystal phase, which can reduce the image signal drive 
amplitude to 1/2 or less as compared with the prior art dot 
inversion drive where the common electrode potential is fixed. 
This allows the use of an inexpensive IC of 5 V to reduce the cost. 
[0046] [EMBODIMENT 7] Figures 14 and 16 are the plan views of 
the structure in which the common electrode disposed to be bent in 
two lines so as to cross the scanning signal wirings is separated 
from each other. The three kinds of electrodes- the scanning 
signal wirings, the image signal wirings, and the separated 
common electrodes are connected to anti-static connection 
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electrodes in outer regions via anti-static nonlinear elements. 
Figures 21 and 22 are drive voltage waveforms when the polarities 
of the voltages supplied to the separated independent common 
electrodes are changed every field cycle, and the liquid crystal 
drive electrode facing the bent common electrodes are applied with 
image signal voltage waveforms whose phases are opposite to those 
of the common electrodes. As in the present invention, the 
common electrode is divided separately, and the respective common 
electrodes are applied with unique voltage waveforms so as to 
loosen up the requirements concerning the timing of the polarity 
change of the common electrodes. Before the scanning signal 
wirings are ON, the polarity can be shifted in accordance with the 
scanning signal wiring several lines before. Since the voltage 
waveform of shifting can change slowly, the metallic material to 
make the common electrode can be chosen from a wider range. 
The problem of the wiring resistance of the common electrode is 
thus eliminated. Figures 21 and 22 are the most fundamental 
drive waveforms of the common electrode, and the drive waveform 
is sufficient if the potential of the common electrode has a polarity 
change in every field cycle. The voltage waveform in the cycle 
after the occurrence of a field polarity change until the occurrence 
of the next field polarity change is free and there is no restraint on 
the frequency. 

[0047] [EMBODIMENT 8] In Figure 17, the common electrode is 
divided into the odd-numbered group and the even-numbered group, 
which are supplied with opposite-phase voltage signal waveforms 
in accordance with the scanning signal cycle, and the liquid crystal 
drive electrodes facing the common electrode of the odd-numbered 
group and the even-numbered group are respectively supplied with 
image signal waveforms whose phases are opposite to those of the 
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common electrodes. Unlike Embodiment 6, two scanning signal 
wirings become ON at the same time in this drive system. In this 
structure, the image signal wirings are supplied with image signal 
voltages different in polarity between the odd-numbered group and 
the even-numbered group, so images with no cross talk can be 
realized. The delta arrangement can be achieved as the color 
arrangement in the color filter, which provides images having 
excellent mixture. 

[0048] [EMBODIMENT 9] Figure 18 is the plan view of the 
structure in which the common electrode is divided separately. 
The three kinds of electrodes: the scanning signal wirings, the 
image signal wirings, and the separated common electrodes are 
connected to anti-static connection electrodes in outer regions via 
anti-static nonlinear elements. In the drive system of the 
structure shown in Figure 18, unlike Embodiment 7, two scanning 
signal wirings become ON at the same time. Nearly the same 
operation principle as in Embodiment 7 can be applied. 
[0049][EMBODIMENT 10] Figures 28 and 35 show the plan views 
of the structure in which the thin film transistors are alternately 
connected to the liquid crystal drive electrode across two 
consecutive lines before and after one scanning signal wiring, and 
the common electrode facing the liquid crystal drive electrode is 
separated from one line to another. Figures 29 and 30 show the 
drive voltage waveforms when the common electrode separated 
from one line to another is supplied with a signal voltage at a cycle 
twice as long as the field cycle so as to change the polarity of the 
supplied voltage every field cycle; and the liquid crystal drive 
electrodes facing the divided common electrodes are supplied with 
image signal voltage waveforms whose phases are opposite to those 
of the common electrodes, respectively. Nearly the same operation 



25 



principle as in Embodiment 7 can be applied. 

[0050][EMBODIMENT ll] Figure 23 is a cross sectional view of the 
prior art in which an aluminum electrode is used as the scanning 
signal wirings. To prevent the occurrence of hillock of the 
aluminum, a high melting point metal A29T is used as the cap 
metal. When the side wall of the aluminum has an inclined 
surface longer than Ijim, hillock is caused from the side wall. In 
order to avoid this, it is possible to add 1 to 2 atomic percent of 
neodymium or another metal. However, it is very difficult to 
produce an aluminum alloy target with a large area, and it is 
almost impossible to produce a uniform composition. Using pure 
aluminum as the scanning signal wirings is very important to 
produce a large-screen liquid crystal display panel. In the present 
invention, in order to prevent the occurrence of side hillock of the 
pure aluminum, a high temperature steam oxidation process is 
used to form oxidized aluminum on the side wall of the aluminum. 
Figure 24 shows its cross sectional view. As another method, the 
ion implantation technique can be used to inject oxygen ions, 
nitrogen ions, phosphorus ions or the like into the side wall of the 
high melting point metal and the aluminum so as to prevent the 
occurrence of side hillocks. 

[0051] [EMBODIMENT 12] Figure 25 is the cross sectional view of 
the color filter substrate of the liquid crystal display device of the 
horizontal electric field system. A BM (black mask) is formed on 
the glass substrate, and then a color filter layer is formed. The 
glass substrate contains an about 0.1 to 1.0% alkali metal oxide. 
Furthermore, the pigments or dyes of the color filter layer contain a 
lot of impurities, and these movable ionic substances have the 
property of moving in accordance with the direction of the electric 
field, if any. The overcoat layer A41T for leveling is usually made 
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from an organic material, but this film does not have the property 
of preventing the migration of movable ions across the electric field. 
Often used as the passivation film of movable ions are a silicon 
nitride film, a silicon oxide-nitride film, and an aluminum oxide 
film. In the present invention, as shown in Figure 25, these 
passivation films are formed on the color filter layer with the use of 
a plasma CVD technique or the spattering so as to prevent the 
movable ions from migrating to the liquid crystal layer or the 
orientation film surface. In this structure, even if the horizontal 
electric field affects on the color filter layer or the glass substrate, 
the passivation film £40 W prevents the movable ions from flowing 
out. This eliminates the problems of the orientation failure of the 
orientation film or afterimages. 

[0052] [EMBODIMENT 13l Figures 26 and 27 are the cross 
sectional view and the plan view of the color filter substrate of the 
liquid crystal display device of the horizontal electric field. In the 
rubbing treatment process of the liquid crystal cell process, static 
electricity is caused on the orientation film, which leads to various 
troubles. In the present invention, a conductive electrode shaped 
like a mesh or a stripe is formed on the overcoat layer A41T, and 
this potential is set at around the intermediate value of the image 
signal voltage on the TFT substrate side so as to block the effect of 
the electrostatic field from outside. The conductive electrode on 
the overcoat layer is designed to be narrower than the BM width, so 
a poor alignment precision between the color filter substrate and 
the TFT substrate does not badly affect the liquid crystal drive 
electrode on the TFT substrate. 

[00531 [EMBODIMENT 14] As shown in Figure 5, the distance 
between the liquid crystal drive electrode and the common 
electrode within one pixel is not uniformed but is a combination of 
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at least two different lengths. The distance between the 
electrodes closest to the image signal wirings is designed to be 
largest so as to reduce the effects of the image signal wirings, 
thereby reducing the vertical strokes. This can be combined with 
the bent electrode structure of the present invention to obtain best 
images with no color shift or cross talk. 
[0054] 

[EFFECTS OF THE INVENTION] According to the present 
invention, first of all, it becomes possible to obtain images with no 
gradation inversion and no color shift when viewed from any angle 
and having an excellent viewing angle characteristic. Secondary, 
it becomes possible to provide a highly reliable image display 
device with excellent contrast having no disclination and no 
afterimage. Thirdly, it becomes possible to provide an image 
display device of low cost and high productivity because 
inexpensive 5 VIC can be used as the image signal drive IC, and a 
conventional liquid crystal member can be used. Fifthly, an 
ultra-large-screen liquid crystal display device can be achieved 
with conventional metallic materials. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIGURE l] Apian view of the prior art disclination -proof electrode 
structure. 

[FIGURE 2] A view of an orientation of a prior art linear pixel 
electrode and a liquid crystal having positive dielectric anisotropy. 
[FIGURE 3l A plan view of the prior art structure having 
disclination-proof electrodes. 

[FIGURE 4] A view of an orientation of a prior art linear pixel 
electrode and a liquid crystal having negative dielectric anisotropy 
[FIGURE 5] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
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the present invention. 

[FIGURE 6] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 7] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 8] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 9] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 10] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 11] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 12] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 13] Apian view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 14] Apian view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 15] A plan view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
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the present invention. 

[FIGURE 16] A plan view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 17] A plan view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 18] A plan view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 19] A view of drive voltage waveforms of the liquid crystal 
display device of the horizontal electric field system of the present 
invention. 

[FIGURE 20] A view of drive voltage waveforms of the liquid crystal 
display device of the horizontal electric field system of the present 
invention. 

[FIGURE 2l] A view of drive voltage waveforms of the liquid crystal 
display device of the horizontal electric field system of the present 
invention. 

[FIGURE 22] A view of drive voltage waveforms of the liquid crystal 
display device of the horizontal electric field system of the present 
invention. 

[FIGURE 23] A cross sectional view of prior art scanning signal 
wirings. 

[FIGURE 24] A cross sectional view of prior art scanning signal 
wirings. 

[FIGURE 25] A cross sectional view of a color filter for the liquid 
crystal display device of the horizontal electric field system of the 
present invention. 

[FIGURE 26] A cross sectional view of a color filter for the liquid 
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crystal display device of the horizontal electric field system of the 
present invention. 

[FIGURE 27] A plan view of a color filter for the liquid crystal 
display device of the horizontal electric field system of the present 
invention, 

[FIGURE 28] A plan view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 29] A view of drive voltage waveforms of the liquid crystal 
display device of the horizontal electric field system of the present 
invention. 

[FIGURE 30] A view of drive voltage waveforms of the liquid crystal 
display device of the horizontal electric field system of the present 
invention. 

[FIGURE 31] A plan view of the disclination-proof electrode 
structure and an orientation of liquid crystal having positive 
dielectric anisotropy of the present invention. 

[FIGURE 32] A plan view of the disclination-proof electrode 
structure and an orientation of liquid crystal having negative 
dielectric anisotropy of the present invention. 

[FIGURE 33] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 34] A plan view of the unit pixel of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 35] Apian view of the pixel arrangement of the thin film 
semiconductor substrate of the horizontal electric field system of 
the present invention. 

[FIGURE 36] A plan view of the unit pixel of the thin film 
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semiconductor substrate of the horizontal electric field system of 
the present invention. 

[EXPLANATION OF THE REFERENCE NUMBERS] 

1 ■-- scanning signal wiring 

2 • - image signal wiring 

3 common electrode 

4 liquid crystal drive electrode 

5 thin film transistor (TFT) element 

6 TFT substrate-side liquid crystal orientation axis 

7 the angle at which liquid crystal molecules (P-type liquid 
crystal molecules) having positive dielectric anisotropy cross the 
pixel electrode (the common electrode and the liquid crystal drive 
electrode) 

8 the angle at which liquid crystal molecules (N-type liquid 
crystal molecules) having negative dielectric anisotropy cross the 
pixel electrode (the common electrode and the liquid crystal drive 
electrode) 

9 liquid crystal molecules (P-type liquid crystal molecules) 
having positive dielectric anisotropy 

10 liquid crystal molecules (N-type liquid crystal molecules) 
having negative dielectric anisotropy 

11 TFT-side glass substrate 

12 semiconductor layer 

13 n+ amorphous silicon layer doped with impurities 

14 orientation film 

15 ■-■ connection electrode for driving odd-numbered common 
electrodes 

16 connection electrode for driving even-numbered common 
electrodes 

17 -■- anti-static element 
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18 scanning signal wiring lead terminal 

19 image signal wiring lead terminal 

20 common electrode lead terminal 

21 --■ anti-static connection electrode 

22 waveform of driving the n-th scanning signal 

23 waveform of driving odd-numbered common electrodes 

24 waveform of odd-numbered image signals 

25 waveform of driving the (n+l)th scanning signal wiring 

26 waveform of even-numbered image signals 

27 waveform of driving even-numbered common electrodes 

28 aluminum (or an aluminum alloy) scanning signal wiring 

29 --- high melting point metal (or a silicide compound of a high 
melting point metal, a high melting point metal compound) 

30 side-wall oxide aluminum 

31 --- waveform of driving the (n-l)th scanning signal wiring 

32 waveform of driving m-th common electrode (linear 
connection type) 

33 waveform of driving m-th common electrode 

34 --- waveform of driving (m+l)th common electrode (linear 
connection type) 

35 anti-static connection electrode lead terminal 

36 -•- waveform of driving (m-l)th common electrode 

37 --- waveform of driving (m+l)th common electrode 

38 --- black mask 

39 color filter layer 

40 color filter passivation film 

41 --* leveling film 

42 anti-static conductive film (or semiconductor film) 

43 color filter-side liquid crystal orientation film 

44 underlying insulator film 
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45 gate insulator film 

46 TFT passivation film 

47 color filter-side glass substrate 

48 --- drain through hole 
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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a device with an 
excellent visual angular characteristic and excellent 
contrast and without gradation inversion and a color 
shift by making an electric field distribution formed by 
a liquid crystal drive electrode and a common electrode 
opposite to the liquid crystal drive electrode so as to 
become the distribution making a center of a pixel a 
line symmetry axis. 

SOLUTION: This device is constituted so that the liquid 
crystal drive electrode 4 and the common electrode 3 
opposite to the liquid crystal drive electrode 4 are 
bent to an alignment direction of a liquid crystal 
molecule, and respective electrodes are projected in the 
projection part direction of a bend in a bend part of a 
pixel central part, and respective electrodes are bent 
in the recessed part direction of the bend. Then, the 
electric field distribution formed with the liquid 
crystal drive electrode 4 and the common electrode 3 
opposite to the liquid crystal electrode 4 is made so as 
to become the distribution making the center of the 
pixel the line symmetry axis. In such a manner, when a 
horizontal electric field is applied in a pixel 
electrode, the liquid crystal molecule is rotation moved 
in two ways of left rotation and right rotation in the 



pixel electrode inside. Thus, the 
gradation inversion hardly occur. 
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Wrr^fc}hK. ^^m^mMb^mwrnb-^mmim^ 

[0 0 0 61 

[0 0 0 71 ^m^l3^(om^B^fr-mmx\t. ijy-y 



(4) 

5 

[0 0 0 8] *rc«im^:^*<o:«?7-:7^7Vi5'-^^t;i 
[0 0 0 91 zti^<DWkm^m^'t6h(7:>X' 

lO 0 1 0] 

mmM\^mm\^^n ^ ntcm^m tt^h^^ m^^^^ 
c#^i3 mmi^mmmmh. WL^m^wm^n^\^ 30 

[0011] c^^ 2 ] ttriaT^fgS^iftm^s^ 

[0012] 3 ] fi^B^B^i^;^^^®^ :fe(HlfeP):^ 

;u Kw<^^ h*t^^< ^fs.^^^ b LTto 
[0 0 13] »^4]^^1, ^©2l^:fcV^r. 
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[0014] [^^ 5 ] «m#:^^(^^^^^^SSt:i*5 
[00151 [^^ 6 3 SI^^*^o^^B^^gst;i*5 

[0016] 7 ] 6 JC*5Vm:. jfelc{g^E« 

[00171 C^^ 8 ) 7 i;i*5VNr. ^mw^^^ 

\.x\^:^m^ummnm^. ^m%mtnm^(o^m^- 

[0 0 18] C¥^9] ^^6(C:H^r^r. ^S^-^SiB 

t^^LX2rf^:it>fc*) m^vxmm^tix^t^^^mm 
[0019] 103 ^^9 t^^jv^-c. ^td^fi^S 

mt^mLX2nKt^fcy) m^hxjs^m^tix\^^^m 
[00 20] c^^ 1 1 ) ^n^-n^<n^^^mim\^ 

^\^X. -;$:<^5^fe^fI-^iai»^ti$^^c^^2^Ttwt>fc 

[0 0 2 1] C^^i2] ^^ll^;l*3V^T. 
%mm^\.x\^Tt^m.mmmm\^. *iim«i<tfi. ^ 

/Co 

[0 0 2 2] C^^13]^^9, ^fctt^^l l{:i*5 

[0 02 3] r^T^rf-rY')^^:^^^ 

nw^.'m.<o2m'h-hm^^fixm . t?v^=^^j>.(d 

^^ti:^^iMm'^m^j&<OT/\-^^^J^:^mihLX\^^^U 
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[0 0 241 c^^ 1 5 3 mm^yj'^com^B^Tjkmw^^ 

[0 0 2 51 C^^16) ^^15|C^3V^r. ^^^y^^ 

[0 0 2 61 1 7 ) 1 5 ^-/n'- 

[00 2 7] C^^l 8) ^^l^fctl#^2lC:^^t^T 

If 3^f^-x?'r-^T^--e^ < . 2 -hom^^Eiit^ 
m^^-cflij^'r 6 J: 9 1- ufco 20 

[00281 

^C^VV lpi^|^gB-C&lHl!^t;&IlI^0 2iii9(??[Hl 30 

htOiST^i^lhT^^o 7^^;^^ y^-^>^>^Pfet- 
[00 2 9] ±f2^^2, 3^ffiV^^r^T\ -iii^f^ 
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[0030l±E#^i. 2. 4$:fflv^e;^fc-e. ?i$^p 
[0 0 3 11 ±1^^^5^S:fflv^^;lt-c^Jim^i:f^^ 

[00 3 21 ±E^^6, 7, 8$rffiV>awtT. 

m^n^^^^s^XY\ri.mcf^^h%^^^hf$i^. 5V 

^ Yh^m.y4 -/I- K-^?^;d5^ \.\^ < < ?5c5o 
[0 0 3 31 ±ia^^6, 9, 1 o^^tNa^i-c. ± 

iS^^e, 7, 8$^ffiV^/ct^t^^C^^;6S#btb^. 
J;i9^iim^co^1^fi$:i of^^±J;ii^< LT t>^ib^ 

< 'f^mmio'm^m^ b/^r < 3 - h (^^^^^ 

[0 0 3 4] ±iS#^l 1, 12^^1/^5ri:T\ ±12 
^^6, 9, 1 0^^l^/ct^tP)C'^^;6q#bH6o 



9 

(00 3 5] ±f5^^9, 11, 1 3$rfflV^5ri:T. 

[0 0 3 6] ±I2^^1 4$rfflv^6wi:'e. ^iiTlSI^ 
[0 0 3 71 ±|2^^1 5, 16. I7^\^^^^t^:^ 

[0 0 3 81 ±fa^^l, 2, 1 8$r^V^^rt-C. 2Jn 

Cl^< /ilf^S:|#5 ^ ^: vS^-et 5. 
[0 0 3 9] 

mmmi 

(11:^^1} 1^5. me, ^7, ^8, 139, ^10, 

117, ©8, mioommm^miz-^h^^ 30 

i>K Cr, Mo, Ti, W, Ta, JSS h ^ k* (Om^B-^ 

^ ic J; a ^Itfi^iail^Q t ^mmMO t<Diy^-'Yi>-1^ 
^-r-5cot?^i 1, lai 2te:fc6i;5t-)fe^fi^Sai^a) 

lTt>^('V 5Ky:xy :3>-J^t#B^^^^o:^'g'alJ^T 
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$:K-tr:/^L:/cn^r^/^7T:^->y nv^^j^^-t 
Hi: KW^m^Sri^^-r^^. ^5, [^6, E|7, E18 

119, ^io£o^t-ti. Yv4:ymmhm,mmnm 

5o ^NVv^-i-Va v^-Sr^^fifeL/c^^l l-Ctt. ^Ky 
^5 K^>b?^i5K[«I0A14V$'?^^U ^ffitC^ir>- 

i^A4 3T$rj^^U/c^f6i^«A4 7T^:. mBT^T 
^ h y ?/^;^S;K(Of^ic^4^c>^^5>^®^A i o 

[0040] ^^m(Om^^M\i.^ 31, 3 2 -Cfc 

h^. ^ 3 2 fi. ^ommmm^^m^mA i o t sr^fe>^ 

M\^:^m^m^vxi>^^\ ^^mo^^-mmp^xm 
^m^^m^^^nna^y-i^y h^amx^^it^-^fc 

*r5r£:;5^*^t^t^i:o/co A n < Xt 5(^X1^16 
ta^-^xm^x^^o 

[0 0 4 1] mmm2) msB, m3 4\t^ mr^mm 
mmh^mmm^m^B';^'f-(DE.^^i^\z.MvxmMmm 

Lx\f^^^mmmtxw^^^fi^m^'Am^^^m 

Ltc'^mc^j:^x\^^^^o)mmm<DW'mm 
xh^o mm-r^ 2 mm-mx^mm 1 (omiiii^ t m 

t Lxnmmm 1 <ommmm:^^;i^^wxh^:^\ ri/if^^jr 
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ifcoibpf^r^^-ra^^t-ii. ms3^ms4<DmMm 
[00421 mmms^ nmmi. ^mm2T<D-<± 

^7 0j:5l-li^<^JS*aTx^;=^^ ><D% 
[004 31 [^mM4] ^7, gI8, ^10, ^3 

mm^^ t ^mmMii^^< y ^ :^J^ a 4 6 ▼ 

7, US, Hi OOli3t(Ot>(7)J:i5 t>l. 5{i^:5^P>2(t 
^SJ?<'r5£^l?:&5fc^. 4 000A-6 0 0 0A^ 

</ 3>m^2 iH]t-t) r r y c V 

[0044] [^if^fiaJS} ^5, ^9, mi 1 

A 4 4 T 5:7^^ X-y C V D V 

mmmm® t ^mn^Mm^\t m c^mn m^^^xm 
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mmi. ms\^i>m^'r^^tf>>'^mxh^. m^om 
i^^tB^^m^t^mmm^i^3-hLxL-^ ^mm:!i>^$^ 

[0 0 4 5] C^ife0ij6] HI 3» ^1 5tt. ^iim^ 

;65^^m^SaiS t LX 2 ^Tt-t>fc I) ® Lxsa® ^ 

tl.XV^^1llig(D51£ffi^Xfc5o -P^I^¥^X^^LXV^ 

^;6S2Si^£Jl±co^^)tx^^LXV^Xt)^v\ SSW^ 
Ks/ h^$Kra:3br^^^^1-^^(J:Fi. ^13, ^i 
h\z.t>^Xo^^Wh^h. 1^19, ^2 0ti, ^ISciP 

m. mwcm(o^mmmi^Mi^LX}f^^m^mmmmi^. 
x^i>i/2g.T\z^m^'^mtts:^o mt-^o^ 

30 o wndSRl|gt^j;5o 

[004 6] C^jfeM 7] 014, 0 1 6 ti, jfeSft-^ 
i: UX 2 ^Tl-fc^rc «J) Eft bXE® ^ ^XX V^^ ^ 

n(DBmM.MMMi^i^wM\^mm^t\^x\^^^, ^21, 
0 2 2 tt, ;5u>«r ic^^ai^i: vfc^mmm\^y^ m 

m^n^\^x\^hm.mmwm^. ^^nmhnm^(r> 

Xfe-5o ;$:|gfEgc??j;5t^^iil:ffi^JS'j^t-:^8tL. 

iH^E^tc^t>-^X<H4^^ S;iti.fiav\ 

mif<^Ki»te^«0P«^^^^^j:<^i^oXL^9<^X$)6. 1^1 
2 1, Ii!2 2{1. -#S*6^='^#^ig^^(o|^ibSJ^Xfe 
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10 0 4 7] mMms'] ^ 1 7 ti, ^mmm^^m^ 
mmx\xm^(nw^fi: 5 m^m^m&^m^^ ^<ox. 

[0048] C^Jfe^9] (31 8Fi, ^tiim^^^tb^ 

m%nnmw^mm^w^^fhx^4^^, i^iso^igo 20 

[0 0 4 9] CHJgMlO] ^2 8, ^3 5fS. -:*:<^ 

i;^y^^i^^mm^^mmmMtmmfix^^ . m^^m 
mmmi^n^^vx^^^^mmMn. ^n^n#tTwi:t^ 
^m^tLvxyf^^mM<D^mmxh^o m2 9, 30 

{cMrnvx^r^^m^mmmm^^. ^mmmt\tmmom 

10050] mmmii^ m2stx^^r;\^^^^j^ 
WM^^M^^w.mtvxm^'^^^(ommmxh^o r 

/v^=^^M.<D)zi^yi^pj±<Dtimz:mWiM.^B^2 9y 

^^\-/y>^^ji^tvx^\f^x\^^o r/i^^::^^j^om 
m<DmM(om ^i>^in mu±^ <t^:^t mm^ b t P y 

^^igic-^!!»^v\ mr/v^:=^^A^^^iB^mBtLx 
^^-r^^tn. i^m^(o^^n^^-^<^/^^^^ 0 ^x 
w'^\z.m^^::.txh^o ^mmx\tmr/\-^=~^j>^<o 

m^xr/v^=^^ j>^(omm\^mtTji^ j^^^m^ l 
rv>6a m2 4i^^'tiv<ommmxh^o ^(o-^mt^x 

\t. 4^:^^>yy>r-i^B>W^^m^x. so 
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[0 0 5 1] imMmi 2) iii2 5«:, ^m.^ij^<om 

7-7^;Vi5^-^$:?^^-r5o ;^7:^Sttl-d:o. i- 

1. o%m&<or;i^:^^j^mmmtimx^fhxi^^. 
^h\^i^y-y^/i^^-M<omn'^^n^^t*\i. ^<<o 

mt^h^. :^mmx^. gI2 5lcfc^J:5l--ttb<0X 

^m^-kWi\t^x^ y-y^/^^—m(o±{z.m^i'^ c t 
X. -^m-c :tytm^^M'^m^mmmt.x^m'r^ r t 

^m±LX\f^^. ^(Dm^^^^^^M^:d^:^y-y^/^ 
^-m-^:^y^^m^^xi^mLxi>^<^y-y^--ya y^ 
0A4OT*^J;oT^»-r^>'<^»£ai«:l^ifcT-^a. r 

[0 0 5 2] IMMMIS} m2 6, 1^2 7f±. WM^ 

St?feoTV^6o ^56!^xtt. 3— MA4 1 

m<S o ^ B M*>i i 19 /h ^ < ^ 5 r i: -C y - y >f / V 
[0 0 5 3] Cl^lS^?iJi4] I15lc:fc6J:9l-. 

xfi< 2mmx:!c.<nmmmm<omi^^^xw.^%f\^x 

[0 0 5 4] 

^m^ti:<. t':Li>^^^Xi,:^y-iy'y h(7)^Cfj:i^m 



(9) 
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32 2] :^mm(om,^:fi^m^^^^'^mommm 



[025] ;*:|g^(Offim^:^^?^^s^^i^®^:^ 7- 

[029] ^mmomm^if^m^^Tr^mWiommm 



m<D^^m 20 

^ca^®0 

[0 8 1 :^^m(Dmm^:^^mm^mi^m^omi^m 

^<o¥®0 

®^o¥®0 

[012] 

[013] :^^m(Dm.^:^^nm^mi^^^(omm 



[030] *^^<o«im^:^^?d?^p^^T^^®<D|gitim 



[03 1] >^mm(Oy'^:^i>V:^-i^3>^^P5±n 

[032] >t^^?g<Dx ^ ;^ ^ y 3 :ym±P}±M 
[0 3 3 1 /f:%e^O«m#;^^^j^^»«c^;K<?5^^ 



13 4] :^^mommw:^^mm^mi$^mm<Dm^ 



[014] ;^^P>g(D«m#::^^^l^^^^^S«*^®i^ 

[0 1 5 1 :^wM <DmM^:^^nm^mwmm(Dmm 

[0 1 6 1 ^^e^(p^sm#:^^^]^^«ft^S^fopim 

[018] ^mm(DmM^Jr^mm^mi^mm<omm 



[035] :^m(omm^:^^mm^mi$mmomm 

E^J(D^®0. 

[0 3 6 1 ;^^§g<??«m#;^^^M^^i^S:Ko^fit 

1 — ^^gm^Si^i 

2 — ^m^saiS 

3 — ^mmm 
4 — 

5 nmhy>i^:^3^ (TFT) 

6 — T F Tm^m^^m^m 

8 — mmmmmij\^m^B'j^^ i^mm^^^^) tm 
mmm i^mmmtm^^mmmM) (o^mi-^m 

1 0 — ^(Dmmmm:fj{im^Bi^'f (Nmi^^^6^^) 

1 1 TFT{^;jtr7XSte 

1 2 — mm 



E^/f^0 

[021] :^^m^mm^ij^m^B^^mmommm 
mnm so 



1 4 

1 5 — ^^^^mmmmmmm^mm 

1 7 — ^m^^^^^^ 

1 8 — ^m^■Mm\^u^L^'T' 
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2 0 ^Mffi^ltttiL^^ 

2 1 — ^m^^mmi^mm 
2 2 — n^^^m^RBmm^m 

2 3— 

2 4 — &*#e!»t&(t^«?^ 

2 5 — (n + 1) ^^^m^mmmmmm 

2 6 — 
2 7 — 



18 



2 8 r;^^^!^A (o rr/l-^^!>^'^^) ^^^t 10 



3 0 mWMLT^X^ x^^J>^ 

3 1 — (n-1) m^^m^wMmmwim 
3 2 — m##iimffis^i!i*?^ (i:^^^^) 



3 3- 
3 4- 
3 5- 
3 6- 
3 7- 
3 8- 

3 9- 

4 0- 
4 1- 
4 2- 
4 3- 
4 4- 
4 5- 
4 6- 
4 7- 
4 8- 



- (m-l) S*ii®^i^»i^?^ 

- (m+1) m^mwmmm^ 



]1 



[@2] 




[03] 
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[!^18] [1^2 7] 
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1^2 1] im34] 
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[03 0] 
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